Quantitative evaluation and stereological analysis of altered hepatocellular foci (AHF) were performed on hematoxylin and eosin-stained (H&E) liver sections from control Wistar rats from 9 2-yr carcinogenicity studies conducted between 1981 and 1991. Morphologic criteria previously described were used to classify AHF in H&E stained livers into basophilic, eosinophilic, clear, mixed, or vacuolated cell foci. Hepatocellular adenomas were seen in 1.6% of control rats and carcinomas were seen in 0.2%. AHF were diagnosed in 20% of control Wistar rats and were seen only in rats dying after 47 weeks. Basophilic foci were the most common AHF seen; incidences of tigroid and diffuse basophilic AHF were similar. Vacuolated foci were not identified in any rat. The mean number of AHF per cubic centimeter of liver was 101. The mean AHF volume varied from 0.002-0.048 mm 3 and the mean volume fraction ranged from 0.005-0.026%. Compared to AHF in aged control Fischer 344 rats, AHF in control Wistar rats were fewer and smaller.
INTRODUCTION _ Altered hepatocellular foci (AHF) are considered to be part of the spectrum of neoplastic change (2, 6, 18, 21, 24) occurring spontaneously or induced by xenobiotics in liver. Although -not all AHF progress to neoplasia, they are considered to have the potential to do so and dose-related increases in AHF are regarded as added evidence in interpretation of carcinogenicity of certain compounds (13) . Phenotypic changes in -AHF are irreversible and focal (13) and morphology and histochemistry of murine AHF have been described (1, 8, 9, 12, 16, 19, 20, 22, 23) .
Since rats are routinely used in carcinogenesis studies, historical data on spontaneous changes, strain sensitivities and susceptibilities, and background lesions are essential for interpretation ofbioassay results. Spontaneous and chemically-induced AHF have been extensively described and quantitated in commonly used Fischer 344 (F344) rats (3-6, 12, 15, 21, 22) but seldom in other.strains. This is a report of retrospective evaluation of spontaneously occurring AHF in control Wistar rats from nine bioassays.
MATERIALS AND METHODS
Wistar rats from Charles River (Crl:(WI)BR from Kingston, NY, Wilmington, MA, or Portage, MI) and Hilltop Laboratory Animals (Hla:(WI)BR from Scottdale, PA) were used in 9 carcinogenesis bioassays conducted between 1981 and 1991. Rats were 6-8 weeks of age at initiation, were housed individually, and maintained on Purina Laboratory Chow 5001 or 5002 or Souriffarat Entretien Certified Rodent Diet and ad libitum water for up to 107 weeks.
Complete necropsies were done on all animals and tissues were fixed in formalin, embedded in paraffin, sectioned (4-6 ~m), and stained with hematoxylin and eosin (H&E).
For this retrospective analysis, liver sections from untreated or vehicle (lactic acid with n-dimethylacetamide or 0.5% methylcellulose) control rats were evaluated for occurrence and type of AHF (basophilic, eosinophilic, clear, vacuolated, or mixed) based on morphologic criteria previously described (4, 8, 14) . Briefly, AHF are generally sharply demarcated, approximately circular areas of hepatocytes with altered tinctorial quality. Basophilic AHF are composed of cells that are smaller or equivalent in size to normal hepatocytes and with increased cytoplasmic basophilia that is homogeneously diffuse or linear (tigroid). Hepatocytes in TABLE L-Summary of data on control Wistar rats. eosinophilic AHF are generally larger than normal hepatocytes and have diffusely eosinophilic cytoplasm ; often these AHF contain blood-filled cysts. Cells in clear cell AHF are normal sized or slightly enlarged with central, often hyperchromatic nuclei and clear cytoplasm that must be distinguished from fatty change by lack of cytoplasmic lipid vacuoles and eccentric nuclei. In vacuolated AHF, hepatocytes are enlarged with large or small lipid vacuoles and often eccentric nuclei due to displacement by vacuoles. Mixed cell AHF contain one or more of the above cell types.
Assuming that diameters of nearly spherical objects can be determined from diameters of their circular profiles (9) , diameters of AHF profiles were measured with a calibrated eyepiece reticle. Sectional areas of affected livers were determined on a Zeiss Videoplan, excluding areas involving adenomas or carcinomas. Number of foci per cubic centimeter of liver, mean focal volume and volume fraction were calculated (17) . The number of foci per liver were calculated by multiplying the number of foci per cubic centimeter liver by the weight of liver in grams (available in 8 of 9 studies) and dividing by the density of liver (1.07 g/cm3) (15) . Volume fraction and mean focal volume were used with reservation because incidence of animals affected and number of foci per rat were low and, in a retrospective review such as this, multiple sections of all hepatic lobes from a random sample of animals could not be sampled to assure random distribution of AHF (11) . Statistical analyses included Chi-square test or Cochran-Mantel-Haenzel test for effect of study, sex, and type on incidence of AHF. Gener-alized Linear Model (GLM) procedure of SAS (SAS Institute Inc., Cary, NC) was used to compare effects of study, sex, vehicle vs untreated control, and type and size of AHF. Table I summarizes data on control rats (550 males, 544 females) by study and sex. Survival at 104 weeks ranged from 44-74% among males and 52-76% among females with combined mean of 59.5%. Deaths were seen from Week 10 (mean 41.9 weeks) but AHF were first diagnosed in rats dying after Week 47 (mean 91 weeks). Incidence of hepatic neoplasms was low. Among males there were 4 (0.7%) hepatocellular adenomas and 1 (0.2%) hepatocellular carcinoma, and, among females, there were 13 (2.4%) adenomas and 1 (0.2%) carcinoma (combined incidence of 1.6% adenomas and 0.2% carcinomas).
RESULTS
Table II summarizes incidence of control rats with AHF per study. Vacuolated (lipid) foci were not identified in any study; accumulations of lipid-laden hepatocytes generally lacked the circular profile with distinct margins characteristic of AHF. There was no statistically significant difference between sexes in incidence of AHF but there was a statistically significant difference in percent of rats with AHF between studies (p < 0.000). AHF occurred in 20% of all rats (range 9-32%). Basophilic AHF were seen in 10% of all rats compared to 6.6% with eosinophilic AHF, 4.7% with clear AHF, and 1.4% with mixed AHF. Although the majority of AHF type varied among the 9 bioassays (Table III) , overall, basophilic AHF were more common than other types (55% of all foci were basophilic, 21 %, 20%, and 4% were eosinophilic, clear, and mixed, respectively). Basophilic foci were evenly divided between tigroid (51 %) and diffuse (49%) types. Incidences of basophilic, eosinophilic, clear, and mixed AHF were 8.3%, 6.7%, 7.2% and 2.1% in males and 11.9%, 6.5%, 2.2% and 0.7% in females. 156 , 67, and 124 jum, respectively. Statistical evaluation showed statistically significant differences in size of AHF for females (basophilic AHF were smaller than other AHF; p < 0.0014). Mean diameters of combined foci ranged from 65-186 jim and were statistically different between studies (p = 0.001). Mean number of foci per cubic centimeter of liver varied from 25-268 (mean 101 ± 25.4) while number of foci per liver varied from 513-7,628 (mean 1,974 ± 335.6). Number of foci could not be calculated for Study 5 because livers were not weighed. Volume fraction of liver occupied by AHF varied from 0.0048-0.0255% (mean 0.013%) and mean volume of AHF ranged from 0.0017 mm3 to 0.0480 mm3 (mean = 0.0117 mm3). (15) , AHF were measured in livers from control Wistar rats to provide information on the strain and to afford comparison with AHF in other rat strains. Stereologic procedures were used to normalize AHF size and incidence to a specific volume (17) . Neoplastic areas in livers were excluded from analysis to decrease bias of increased tissue mass without foci. It was decided to examine H&E stained sections and not to use special stains to define AHF. A single histochemical marker has not been found that will identify all foci and, although it will not mark all AHF, H&E readily demonstrates basophilic foci (14) and is routinely used as a histological stain.
Table V summarizes data from this review and available data on AHF in aged rats of other strains.
Incidence of AHF in control Wistar rats was 20%
(range 9-33%) which was similar to the incidence For formulas see Table IV. reported in female Sherman rats (16%) (7) or Charles River CD rats (33%) (25) but unlike that in aged control F344 rats in which the incidence was reported to be near 100% (4) . The number of AHF per cubic centimeter of liver in Wistar rats was similar to the number in F344 rats_ (5, 14,-22) . In this retrospective analysis, number of foci per cubic centimeter in one bioassay was more-than twice that seen in any of the other bioassays. The reason for this difference was not determined but rats used in that study were from a source not used in any other study. Foci were first seen at 47 weeks in one bioassay in this review and only after 84 weeks in the remaining studies. In a time-course study, foci were not seen at 33 weeks but were present at 59 weeks in F344 rats (14) . Reports on AHF taken from rats of different ages indicate that AHF increased in size and number with age (4, 14) . The studies reported here were not designed-for chronological assessment and increase in size or number of AHF with increased age could not be critically assessed but AHF from early deaths were not obviously smaller or fewer per liver than AHF from rats surviving to 104 weeks.
-.
-Although among these 9 bioassays there were interanimal and interstudy variability in frequency of different AHF, there were more rats with basophilic AHF thanany other type. Also, overall, there were more than twice as many basophilic AHF as any other type; basophilic AHF were also seen -more often than other types of AHF in F344 rats (4, 5, 15) . Basophilic foci in Wistar rats were evenly divided between tigroid and diffuse as opposed to 95% tigroid in F344 rats (4) . AHF in Wistar rats were smaller and occupied less liver volume than those in F344 rats (4, 14, 22) . --_ -_ The reason for the interstudy variability in incidence, size, and proportions of AHF types was unclear. Rats in 2 bioassays with the highest percentages of basophilic AHF were from one source but other bioassays with increased percentages of eosinophilic and/or clear AHF were from three different sources. While all bioassays were done within the past 10 yr and staining of slides was acceptable, variation in stains (different sources, altered staining characteristics) may have caused enhanced staining of eosinophilic AHF in more recent studies. Although the same strain of rat was used in all studies, genetic drift may have introduced an uncontrollable variable.compared to F344 rats, AHF were seen in fewer Wistar rats, were similar in number per cubic centimeter of liver but were smaller and occupied less liver volume. Increased incidence of AHF may be used as corroborating evidence to increased incidence of hepatocellular neoplasms -in determining carcinogenicity of a compound (10). Because of the low incidence of spontaneous AH-F, Wistar may be the strain of rat to better assess subtle hepatic effects of xenobiotics in carcinogenesis studies. Additional historical information on AHF in other strains of rat is needed as is prospective comparative analysis of histocheniical markers of AHF in Wistar rats. 
